To characterize the mitochondrial DNA (mtDNA) variation in Han Chinese from several provinces of China, we have sequenced the two hypervariable segments of the control region and the segment spanning nucleotide positions 10171-10659 of the coding region, and we have identified a number of specific coding-region mutations by direct sequencing or restriction-fragment-length-polymorphism tests. This allows us to define new haplogroups (clades of the mtDNA phylogeny) and to dissect the Han mtDNA pool on a phylogenetic basis, which is a prerequisite for any fine-grained phylogeographic analysis, the interpretation of ancient mtDNA, or future complete mtDNA sequencing efforts. Some of the haplogroups under study differ considerably in frequencies across different provinces. The southernmost provinces show more pronounced contrasts in their regional Han mtDNA pools than the central and northern provinces. These and other features of the geographical distribution of the mtDNA haplogroups observed in the Han Chinese make an initial Paleolithic colonization from south to north plausible but would suggest subsequent migration events in China that mainly proceeded from north to south and east to west. Lumping together all regional Han mtDNA pools into one fictive general mtDNA pool or choosing one or two regional Han populations to represent all Han Chinese is inappropriate for prehistoric considerations as well as for forensic purposes or medical disease studies.
Introduction
The Han people constitute China's and the world's largest ethnic group, making up ∼93% of the country's population and nearly 20% of all humankind. The formation of the Han people was a process of continuous expansion by integration of numerous tribes or ethnic groups; it began with the ancient Huaxia tribe, which was formed during the 21st-8th centuries B.C. Although the Han people are now spread all over the country, the highest population concentrations are in the basins of the Yellow River, the Yangtze River, and the Zhujiang River and on the Songhuajiang-Liaohe plain in northeast China, as well as on the islands of Taiwan and Hainan (Du and Yip 1993; Ge et al. 1997) . The migration of Han people to provinces such as Xinjiang and Yunnan occurred relatively recently, having started mainly ∼100-600 years ago, and was caused by war, plague, and other reasons (Ge et al. 1997) . Do these populations bear some genetic differences from those from the his-᭧ 2002 by The American Society of Human Genetics. All rights reserved. 0002-9297/2002/7003-0009$15.00 torical Han regions, such as Wuhan and Qingdao? To what extent can the genetic data reflect those recent migration events? A prerequisite for answering these and more-specific questions with genetic data is a thorough screening of mtDNA and Y-chromosome variation across China.
Hitherto, mtDNA from Han Chinese has been poorly sampled and understood in its variation, with only limited data available from Guangdong (T. Kivisild, H.-V. Tolk, J. Parik, Y. Wang, S. S. Papiha, H.-J. Bandelt, and R. Villems, unpublished data), Hong Kong (Betty et al. 1996) , Shanghai (Nishimaki et al. 1999) , Shandong (Wang et al. 2000) , and Taiwan (Horai et al. 1996; Tsai et al. 2001 ). Moreover, previous genetic studies of the Chinese populations either grouped the various regional Han populations into "Southern Han" and "Northern Han" (Su et al. 1999 or simply used Han samples from only one or two regions to stand for all Han Chinese (Horai et al. 1996; Hou et al. 2001; Karafet et al. 2001) , thereby neglecting potential geographic differences between different Han populations, as well as migrations between north and south. Although genetic contrast between southern and northern populations has been claimed in classical genetic markers (e.g., Zhao and Lee 1989; Chen et al. 1993; Du et al. 1998) , dermatoglyphic data (Zhang et al. 1998) , archaeological assemblages (Wu et al. 1989) , as well as in nuclear microsatellites (Chu et al. 1998 ) and Y-chromosome sin-gle-nucleotide polymorphism (SNP) data (Su et al. 1999; Karafet et al. 2001) , no detailed mtDNA study has been performed to substantiate this claim. Chu et al. (1998) and Su et al. (1999) also argued for a southern origin of northern populations, whereas Ding et al. (2000) emphasized that the regional genetic difference observed in the principal-component (PC) maps of mtDNA, nuclear short tandem repeats (STRs), and Ychromosome SNPs might be more properly explained by a simple model of isolation by distance (IBD). Given the large census size of the Han people, the complexity of the migration events, and these hotly debated issues, it is necessary to gather detailed information about the regional Han populations.
To take full advantage of a uniparental marker system, such as mtDNA, one needs a sufficiently resolved phylogeny that is not overly blurred by recurrent mutations. Because the two hypervariable segments (HVS-I and HVS-II) alone-although useful for forensic purposes-cannot support a very reliable estimate of the mtDNA phylogeny , we opted for sequencing one stretch of the coding region (10171-10659) as well, which turned out to be highly informative for East Asian mtDNAs. Another segment (14055-14590) was sequenced in a few samples, helping to define four haplogroups. In addition, a number of further sites relevant for Eurasian mtDNAs (Macaulay et al. 1999; Schurr et al. 1999 ; T. Kivisild, H.-V. Tolk, J. Parik, Y. Wang, S. S. Papiha, H.-J. Bandelt, and R. Villems, unpublished data) were checked either by direct sequencing or through RFLP testing in specific mtDNAs.
Material and Methods

Sampling
From six provinces in China, 263 unrelated Han individuals were analyzed: 43 from Kunming, Yunnan; 42 from Wuhan, Hubei; 50 from Qingdao, Shandong; 47 from Yili, Xinjiang; 51 from Fengcheng, Liaoning; and 30 from Zhanjiang, Guangdong (see fig. 1 for sample locations). The maternal pedigrees (unrelated through at least three generations) of all individuals were ascertained before sampling. Except for 17 samples from Xinjiang, all subjects were able to confirm that the birthplace of their maternal grandmothers was in the same province.
Previously published Han mtDNA data used here for comparison include 69 mtDNAs from Guangzhou, Guangdong (with HVS-I, HVS-II, and additional coding-region information; T. Kivisild, H.-V. Tolk, J. Parik, Y. Wang, S. S. Papiha, H.-J. Bandelt, and R. Villems, unpublished data), 20 mtDNAs from Hong Kong (HVS-I; Betty et al. 1996) , 120 mtDNAs from Shanghai (HVS-I; Nishimaki et al. 1999 -however, these data are not fully reliable; see Bandelt et al. 2001) , 155 Taiwanese mtDNAs (HVS-I and HVS-II; Tsai et al. 2001) , and another 66 Taiwanese mtDNAs (HVS-I; Horai et al. 1996) . Further, mtDNAs (HVS-I) from 78 patients with type 2 diabetes mellitus (Y.-G. Yao, P.-L. Geng, Q.-P. Kong, and Y.-P. Zhang, unpublished data) from Xining, Qinghai, who do not bear the 3243 ArG transition (a well-known pathogenic mutation), were included here. Fifty mtDNAs from Zibo, Shandong, represented by a 185-bp fragment of HVS-I (16194-16378; Wang et al. 2000) , were tentatively taken into consideration.
Amplification and Sequencing of HVS-I, HVS-II, and Region 10171-10659
Genomic DNA was extracted from whole blood by standard phenol/chloroform methods. The sequences of HVS-I from position 16001 to 16497 (relative to the revised Cambridge reference sequence [CRS]; Andrews et al. 1999) were amplified and sequenced as described elsewhere (Yao et al. 2000a ). For HVS-II, the primer pair L29 and H408 was used in amplification and sequencing. For the segment 10148-10659, which covers the tRNA Arg gene (10405-10469) and parts of the ND3 (10059-10406) and ND4L (10470-10766) genes, we used primers L10170 and H10660 for amplification and sequencing (table 1) . Since several segments of the same mtDNA had to be screened, care was taken to avoid artificial recombination caused by potential sample crossover; therefore, doubtful segments were resequenced.
Typing of Other Polymorphisms
First, those Han individuals who had not yet been screened for the mtDNA 9-bp deletion in the COII/ tRNA Lys intergenic region (Yao et al. 2000b) were analyzed as described in that study. Then, as for the typing of further coding-region polymorphisms in specific lineages, we took advantage of the phylogenetic analyses of Eurasian mtDNAs provided by Macaulay et al. (1999) and Kivisild and colleagues (T. Kivisild, H.-V. Tolk, J. Parik, Y. Wang, S. S. Papiha, H.-J. Bandelt, and R. Villems, unpublished data), which employed coding-region information (mainly derived from Ozawa et al. 1991 Ozawa et al. , 1995 Ikebe et al. 1995; Ingman et al. 2000) . In each run, a few (random) controls were tested. Some (unexpected) mutations observed in the controls were then systematically screened in related mtDNAs, which eventually led to the identification of novel characteristic markers for some haplogroups. In total, 13 pairs of primers were designed for RFLP typing and coding-region sequencing, as listed (along with the PCR conditions) in table 1.
Figure 1
Geographic locations of the Han samples under study
Data Analyses
The sequences were edited and aligned by the DNA-STAR software (DNASTAR, Inc.) and were compared with the revised CRS (Andrews et al. 1999) . The length polymorphisms of the A and C stretches in 16180-16188 (triggered by the 16189 TrC substitution) were disregarded in the analyses. We adopted the classification tree proposed by Kivisild and colleagues (T. Kivisild, H.-V. Tolk, J. Parik, Y. Wang, S. S. Papiha, H.-J. Bandelt, and R. Villems, unpublished data), but without highlighting haplogroup E (which is still poorly described and apparently very rare in China) and subhaplogroups of A and Y. We then assigned the mtDNAs to the (nested) haplogroups according to HVS-I, HVS-II, and codingregion information, in such a way that each mtDNA was allocated to the most-derived (i.e., smallest) named haplogroup it belongs to. If the haplogroup has further named subhaplogroups, then (following Richards et al. 1998 ) a star is attached to the haplogroup name that refers to the mtDNA under consideration, to emphasize that the haplogroup status of the mtDNA cannot be specified further (relative to the classification tree). Coalescence times, along with standard deviations, were estimated according to the methods of Forster et al. (1996) and Saillard et al. (2000) for the major haplogroups detected in the 332 mtDNAs (263 from this study and 69 from T. Kivisild, H.-V. Tolk, J. Parik, Y. Wang, S. S. Papiha, H.-J. Bandelt, and R. Villems [unpublished data]).
Haplogroup frequencies were then computed for the regional Han mtDNA samples. To compare these haplogroup profiles with those from the previously published Han HVS-I data sets (lacking coding-region information), we classified the published mtDNAs in another, coarser scheme guided by HVS-I and HVS-II motifs and (near-)matching with the 332 Han mtDNAs. This necessarily precluded the finer subdivision of haplogroup D4, the recognition of F2, and the distinction between M* and N*. The frequency vectors of the basal mtDNA profiles (which only record the frequencies of the 10 basal haplogroups M7, M8, M9, M10, G2, D, A, N9, B, and R9 and the R* and M*/N* haplotypes in 13 Han samples) and the coarse mtDNA profiles were then subjected to PC analysis by the POPSTR program.
Results
Classification Tree
The sequence variation in HVS-I, HVS-II, region 10171-10659, and at further polymorphic sites detected in the 263 Han individuals is shown in table 2. The present data suggest two new subhaplogroups of M, which we name "M9" and "M10," as well as subhaplogroups of D4 (D4a and D4b), D5 (D5a), and F1 (F1c). Except for M10 and F1c, these new haplogroups each have at least one representative in the complete sequence database (T. Kivisild, H.-V. Tolk, J. Parik, Y. Wang, S. S. Papiha, H.-J. Bandelt, and R. Villems, unpublished data). Altogether we distinguish 44 named nested haplogroups in the Han mtDNA classification tree. Figure  2 displays these haplogroups, along with the defining sites considered in this study. Almost all samples can be affiliated with proper haplogroups of macrohaplogroups M and N, with the exception of a few M* haplotypes and one N* haplotype that could not be specified further. Evidently, some of the M* haplotypes belong to specific clades (one with motif 16234-16290-125-127 and another with 318-326), the mutual relationships of which are not yet clear. Among the three R* haplotypes that could not be classified as B or R9, two bear a mutation motif of 185-189-10398-16189-16311, similar to the motif of B5, but were found to lack the 9-bp deletion.
Two mtDNAs, one sampled in Yunnan and the other in Liaoning, are regarded as resulting from admixture from western Eurasia (via central Asia), as they belong to the west Eurasian haplogroups HV and T1 (Macaulay et al. 1999) . Note that the sample from Guangzhou contains one W haplotype (T. Kivisild, H.-V. Tolk, J. Parik, Y. Wang, S. S. Papiha, H.-J. Bandelt, and R. Villems, unpublished data).
The region 10171-10659 harbors numerous sites that support basal branches in the Asian mtDNA phylogeny. To begin with, site 10400 is one of the defining sites for macrohaplogroup M, whereas 10398 is one of the characteristic sites for macrohaplogroup N (Quintana-Murci et al. 1999) . Back mutations at 10398-which occur occasionally (Macaulay et al. 1999 )-are then characteristic of haplogroups Y and B5. The transition at 10397, which defines haplogroup D5, leads to the simultaneous loss of two prominent RFLP sites (10394 DdeI and 10397 AluI; Bandelt et al. 1999 Andrews et al. (1999) . The suffixes A, G, C, and T indicate transversions, d indicates a deletion, and a plus sign (ϩ) indicates an insertion. Insertions and deletions are recorded at the last possible site (as is usual in forensics); thus, insertions and deletions in HVS-II are scored at 249, 309, 315, and 522-523, instead of, for example, at 248, 303, 311, and 514-515 . For each haplogroup, characteristic mutations are shown in boldface, and diagnostic restriction sites are boxed.
c The restriction enzymes used in the analyses are designated by the following single-letter codes: ; ; ; ; Ϫ and ϩ denote the absence and presence of the restriction site, respectively. "1" denotes the presence a p AluI e p HaeIII f p HhaI g p HinfI of the 9-bp (CCCCCTCTA) deletion, "2" denotes nondeletion (i.e., two repeats of the 9-bp fragment), and "3" denotes triplication of the 9-bp fragment.
d Additional polymorphisms in the coding region refer to the segments listed in table 1.
Figure 2
Classification tree of the mtDNA haplogroups observed in Han Chinese. The diagnostic mutations considered here (relative to the revised CRS; Andrews et al. 1999 ) are indicated on the branches. Nucleotide changes are specified for transversions by suffixes, and "d" indicates deletion; mutations recurrent in this tree are underlined. The revised CRS differs from the root of haplogroup R by mutations at 73, 2706, 7028, 11719, and 14766 that are characteristic of HV or H and by seven private mutations at 263, 315ϩC, 750, 1438, 4769, 8860, and 15326 (Andrews et al. 1999 ). 2000), is thus identified as an F type that does not belong to F1 or F2 (fig. 2) . The newly defined subhaplogroup F1c of F1 has the characteristic site at 10454.
The region 14055-14590 is also quite informative for the Asian mtDNA phylogeny. It harbors one marker each for haplogroups C (14318), Y (14178), and M8a (14470, also recognizable by ϩ14465 AccI). Haplogroup M9, introduced here, has the two characteristic sites 14308 and 3394 (identifiable by ϩ3391 HaeIII).
In the recently published complete sequence data (Ingman et al. 2000; Finnilä et al. 2001) , haplogroups C and Z were found to share the transition at 4715 and the ArT transversion at 15487 (among other mutations). Our typing of an M8a mtDNA confirms that the former two mutations are also shared by haplogroup M8a, thus supporting the phylogenetic position of M8, with CZ and M8a forming sister clades (T. Kivisild, H.-V. Tolk, J. Parik, Y. Wang, S. S. Papiha, H.-J. Bandelt, and R. Villems, unpublished data). The 9-bp deletion in the COII/tRNA Lys intergenic region, which is a diagnostic marker for haplogroup B, was found sporadically in lineages from A, D, and M*, thus confirming our previous results about the multiple origin of the deletion in these individuals (Yao et al. 2000b) .
As to the dating of the nodes in the classification tree, table 3 lists the age estimates of the major haplogroups. Haplogroups M7, CZ, M8, G2, N9, B, B4, B5, F, F1, and R9 are all rather ancient, with ages 150,000 years. The ages of the other haplogroups seem to fall into the range 30,000-50,000 years, except for that of M8a, which may be !20,000 years. b r and j are as defined by Forster et al. (1996) and Saillard et al. (2000) , scoring transitions within 16090-16365.
From Coding Region to Control Region
The present Han mtDNA data (including those of T. Kivisild, H.-V. Tolk, J. Parik, Y. Wang, S. S. Papiha, H.-J. Bandelt, and R. Villems, unpublished data) with coding-region information can serve as a starting point for provisional haplogroup assignment of those east Asian mtDNAs for which only a segment of the control region is available (see GenBank). Potential haplogroup status can then be inferred through a motif search and (near-) matching with the 332 Han mtDNAs. For illustration, we take ancient mtDNA data, which usually offer only short fragments of HVS-I (and HVS-II). The mtDNAs from the 2,000-year-old Yixi site from Shandong Province (Oota et al. 1999) , with polymorphic sites reported from 16203 to 16362 and from 146 to 263, can all be assigned to specific haplogroups, albeit at different levels of certainty. For example, sequence 01 (16203-16291-16304, 249d-263) does not match any of the 332 Han mtDNAs but has three one-step neighbors (XJ8414, XJ8407, and GD7809), all in F2; since it bears the full motif 16291-16304-249d for F2a, we can quite safely conclude that the sequence belongs to F2a. In contrast, sequence 19 (16223, 146-263) has no close companion (at distance two or fewer mutational steps) in the Han data and lacks any salient motif of the haplogroups considered here; therefore, if it can be assigned at all, we could at best assign it to M*.
An interesting case is constituted by the 29 mtDNAs from the 4,500-year-old Nakazuma Jomon site that were sequenced for the region 16209-16402 (Shinoda and Kanai 1999) . The haplogroup affiliations of the resulting nine haplotypes, except for type 9 (16256-16278-16295), can be recognized by following our classification strategy. Type 1 (16223-16311-16357) matches haplotypes from M10 (one sampled in Liaoning and another one in Yunnan), and type 7 (16284) matches a B4b haplotype from Liaoning. The other six types have one-step neighbors in the Han mtDNA database: type 2 (16223-16234-16290-16319) is thus related to A haplotypes from Wuhan and Yunnan; type 3 (16223-16298-16319-16355) to M8a haplotypes from Qingdao and Wuhan; type 4 (16223-16266-16274-16362) to a D4 haplotype from Liaoning and to D5a haplotypes from Liaoning, Wuhan, Xinjiang, and Qingdao; type 6 (16223-16278-16362) to two G2 haplotypes and type 8 (16223-16245-16362-16368) to one D4 haplotype, all from Liaoning; finally, type 5 (16223-16357) is a one-step descendant of the matched M10 type 1 (but, alternatively, it would also be a one-step neighbor of an M* haplotype from Qingdao). It is conspicuous that the Jomon mtDNAs find their near-matches within the Han mtDNA database mainly in the northern and central pools, especially in the Liaoning sample.
Haplogroup Profiles
Haplogroup frequencies varied among the regional Han populations (table 4) . Five main features can be discerned. (1) Haplogroups A, Z, and Y are absent in the two Guangdong samples. These two samples differ significantly in the number of M* mtDNAs. Haplogroup M7b (including M7b1, M7b2, and M7b*) is absent in the Zhanjiang sample but is present, with a frequency of 8.7%, in the Guangzhou sample. The frequency of F1a in the Guangzhou sample (17.4%) is higher than that in the Zhanjiang sample (6.7%). (2) Haplogroup M7b1 has by far the highest frequency (14.0%) in the Yunnan sample, whereas, in central and northeast China, it only occurs at low frequencies (!5.0%). (3) The Wuhan sample shows a relatively high frequency of haplogroup A (16.7%), followed by the Shanghai (11.7%) and Xinjiang (10.6%) samples. These three samples and the Zibo sample have relatively high frequencies (1 7.5%) of CZ. (4) Most of the mtDNAs that belong to haplogroups M9, M8a, Y, and G2 are restricted to the northern and northwestern populations of Liaoning, Qingdao, Xinjiang, and Qinghai, although the Taiwanese samples also include a good number of M9, Y, and G2 mtDNAs. The newly Betty et al. (1996) . e Horai et al. (1996) . f Tsai et al. (2001) . g Y.-G. Yao, P.-L. Geng, Q.-P. Kong, and Y.-P. Zhang, unpublished data. h Nishimaki et al. (1999) . i Wang et al. (2000) . j Compound M* and N* frequency in the first seven columns and unassigned haplotypes in the last six columns. k D minus D5 is taken as a proxy for D4. l West Eurasian haplotypes. This row was not included as a coordinate in the PC analysis.
defined haplogroup, M10, has the highest frequency in the Liaoning sample (5.9%). (5) Generally, the frequencies of haplogroups F1 and B tend to decrease from south to north, whereas the D4 frequency increases.
PC Maps for mtDNA Data
The basal mtDNA haplogroup profiles of the 13 Han samples were treated as input vectors for the PC analy- Figure 3 PC map of the mtDNA data (with respect to the basal haplogroup profiles) of 13 regional Han samples.
sis. Figure 3 displays the PC map for the first two principal components, which together account for 63% of the total variation. A geographic patterning of the samples is evident in the map, as mainly expressed by the first PC. The second PC, however, also contributes to the south-to-north cline (leaving aside the outlier-the Zhanjiang sample from southernmost mainland China). The two populations from Guangdong, Guangzhou and Zhanjiang, are distant from each other in the PC map, although they are geographically proximate. In contrast, the four northern populations (Qinghai, Liaoning, Qingdao, and Zibo) are close together. Although the Zibo data were extremely meager (185-bp fragments of HVS-I), the haplogroup classification, by and large, seems to be correct, since Zibo comes next to Qingdao (from the same province, Shandong) in the map. The populations with recent migration history, Taiwanese and Xinjiang Han, take intermediate positions in the PC map, in the vicinity of the populations from central and east China.
In the PC map, with respect to the coarse profiles (with 33 entries; see table 4), the south-to-north cline of the populations observed in the basal PC map does not change considerably (map not shown). Since the basal haplogroups are probably as old as у50,000 years, one could expect that the ancient imprints of the earliest settlement processes on regional mtDNA pools are slightly more pronounced in the basal PC map.
Discussion
The phylogenetic analysis of the Han HVS-I and HVS-II sequences is greatly enhanced by the information provided by the region 10171-10659 and other specific polymorphisms, which enables us to distinguish between the two macrohaplogroups M and N and to identify several new haplogroups. The region 10171-10659, which had not been studied before (unless complete sequencing was carried out), overlaps with the ND3 gene that was sequenced in a small worldwide sample by Nachman et al. (1996) ; with respect to our classification scheme, we can immediately infer that their types, 11 and 13, belong to haplogroup D5, type 6 to B4a, and type 3 to R9. The now-emerging tree of East Asian mtDNAs (present study; T. Kivisild, H.-V. Tolk, J. Parik, Y. Wang, S. S. Papiha, H.-J. Bandelt, and R. Villems, unpublished data) can help to direct complete sequencing efforts in that lineages would be selected from those deep branches that are not yet represented by complete sequences, thus filling the lacunae. Another benefit is the tracing of pathogenic mtDNA lineages: if a certain new mutation was found in the coding region of the patient's mtDNA, one could speed up the diagnosis by first typing this mutation in normal individuals from the same haplogroup, to see whether it is haplogroup-specific or pathogenic. The type 2 diabetes mellitus sample from Qinghai Province included here can serve as a good example in this respect. Although no normal controls from the same province have yet been analyzed for mtDNA, it is reasonable to expect that slight fluctuations in haplogroup frequencies, compared with neighboring regions (as shown in table 4 and fig. 3 ) reflect regional differences, rather than association with type 2 diabetes mellitus.
Coding-region information is indispensable for phylogenetic analysis of mtDNA. In cases where direct information from the coding region is not available, one can at least link combinations of HVS-I mutations with certain mutations in the coding region. Specifically, we can anticipate the haplogroup status of most East Asian HVS-I sequences via the Han database through (near-)matching and motif recognition. This classification strategy can be very useful for ancient DNA analysis, as demonstrated above. Attempts at estimating a phylogeny solely from HVS-I without any reference to coding-region sites would go astray, in particular, if neighbor joining (NJ) with midpoint rooting comes into action (see the appendix of the article by Richards et al. [1996] ). For instance, this approach applied to the large Thai HVS-I data set (see fig. 3 of Fucharoen et al. [2001] ) resulted in highly polyphyletic clusters: haplogroup B was distributed over two clusters, 1 and 3b; cluster 3a includes haplogroups D5, M7c, N9a, and M*; cluster 4 groups C and Z together with R9a; and cluster 8 harbors D4, D5, and A lineages. Most of the apparent clades of this NJ tree intermingle lineages from macrohaplogroups M and N and therefore would not pass the test with complete sequence data. The same kind of problem is also manifest in the NJ analysis of the HVS-I data performed by Qian et al. (2001) . Even a mass screening of East Asian mtDNA data based on HVS-I alone, assisted by a network method, cannot provide a much more favorable picture. Among the six "radiation groups" I-VI, erected by Oota et al. (1999) , three groups (I-III) each comprise both M and N lineages, one group (IV) comprises Y and R lineages, and only two groups (V and VI) could potentially serve as proxies for monophyletic groups (B4 and F, respectively).
The comparison of the regional Han mtDNA samples revealed an obvious geographic differentiation in the Han Chinese, as shown by the haplogroup-frequency profiles and the PC maps. The south-to-north cline observed in the frequencies of haplogroups F1, B, and D4 is quite similar to the distributions of immunoglobulin Gm allotypes Gm 1,3;5 and Gm 1;21 in Chinese populations (Zhao and Lee 1989) . Hence, the grouping of different Han populations into just "Southern Han" and "Northern Han" (Su et al. 1999 or the use of one or two Han regional populations to stand for all Han Chinese (Horai et al. 1996; Hou et al. 2001; Karafet et al. 2001 ) constitutes a procrustean bed and does not appropriately reflect the genetic structure of the Han. Intriguingly, despite the numerous historically recorded migrations and substantial gene flow across China from the Bronze Age to the present time (Ge et al. 1997) , differences between geographic regions have been maintained. The regional difference is more pronounced in south and southwest China: in the PC map, the southern and southwestern populations show a more diverse pattern than the populations from central, east, and northeast China. The Zhanjiang and Guangzhou samples, though from the same province (Guangdong), differ considerably in their mtDNA haplogroup distribution. It thus seems that the Neolithic expansions from the Yellow River basin and later from the Yangtze River basin to other parts of China, as well as Bronze Age movements, did not erase local populations. The subsequent conquest of the Han in historical time, starting from central China, constituted mainly a political expansion process that led to the cultural assimilation of numerous ethnic groups under the dominant Han culture (Ge et al. 1997) .
The spread of Han people to Yunnan, Xinjiang, and Taiwan happened relatively recently-within the past several hundred years. For the Yunnan Han, according to historical records, many movements were caused by an expansion policy, especially during the Ming dynasty (1368-1644 A.D.) (Ge et al. 1997 ). Since at that time the local population density was very high, the relative contribution of the Han to the local gene pools was overall rather minor, although eventually Han culture was generally accepted. Therefore, the genetic makeup of the Yunnan Han should show more influence from the autochthonous people than that of Han people from their early historical homelands in the basins of the Yellow River and the Yangtze River (see Du et al. 1998) . The Taiwanese and Xinjiang Han have similar demographic histories: after World War II, both populations received a heavy influx of Han people from across almost all of China. However, before the withdrawal of the Guomingtang, Han people from the proximal Fujiang and Guangdong provinces and other parts of China continually migrated to Taiwan, with two main waves arriving in the 18th and 19th centuries (Ge et al. 1997) . The high frequencies of haplogroups F1a and M7b in the Taiwanese Han, if not an autochthonous signal, might well reflect this connection with south mainland China, whereas other haplogroups-such as G2 and Y, mainly present in the north-hint at recent migrations from north and northeast China. The presence of two R9a types in Xinjiang (incidentally matching the two R9a haplotypes from Hong Kong; Betty et al. 1996) , as well as the M7b haplotypes, point to connections with south and southwest China, where R9a and M7b are prevalent. On the other hand, the relatively high percentage of haplogroups A, C, and Z in this population may stem from recent migrations of Han people from central and east China to Xinjiang Province during the 1950s and 1960s. Evidence for recent migration is also reflected by the fact that no west Eurasian mtDNA types were found in the Xinjiang Han, whereas, among the Uygurs and Kazakhs from the same geographic areas (Yao et al. 2000a ), 130% of individuals belong to west Eurasian haplogroups (Macaulay et al. 1999) .
In summary, our phylogenetic analysis of 263 Han mtDNAs shows that ∼94% of the lineages can be allocated to specific subhaplogroups of the Eurasian founder haplogroups M, N, and R (which is itself a subhaplogroup of N shared between Europe and East Asia). Most of the nested haplogroups that are not infrequent have ages 130,000 years. It is conspicuous that the potentially most ancient of these haplogroups, R9 and B, may have their earliest diversification in southern China and/or Southeast Asia. A few possibly basal branches of M, present in Guangdong but absent or rare in northern China, still await a full description with more data from Southeast Asia. Only a restricted number of major subhaplogroups of M and N-namely, G, M8, M9, A, and N9-may be of central or northern Chinese provenance. All this makes an initial pioneer colonization of China ∼60,000 years ago from Southeast Asia conceivable (as proposed by Su et al. 1999; Jin and Su 2000) but still leaves much room for speculation about the population dynamics during the long period between then and the Last Glacial Maximum. The contrast between the northern and southern genetic pools might have its roots in this period. Subsequent migration events may have somewhat blurred this early distinction, with the genetic pools of central China possessing mtDNA features of both the northern and the southern pools.
